The predominant characterization of flow in sport has emphasized athletes' reports of reduced conscious attention and effort; however, this is difficult to reconcile with other reports of superior focus and lack of distraction. The aim of this study was to explore this tension by testing novel, theoretically driven predictions for subjective and objective mental effort and by assessing visual attention control using an experimental research design. Specifically, we predicted that perceived and actual effortful attention might dissociate across 3 conditions of a simulated car-racing task designed to manipulate the level of flow: too easy, matched to skill (flow), and too difficult. Task absorption, objective mental effort, and focused gaze were all highest in the matched condition. However, objective performance, reported fluency, and mental effort demonstrated a linear relationship across conditions (participants performed worse and reported more effort and less fluency as difficulty increased). These results suggest a dichotomy between objective and reported effort and suggest that flow is underpinned by efficient attentional control.
Flow is a state of intense involvement in an activity (Csikszentmihalyi, 1990) , which in sport has been associated with high performance, confidence, focus, ease, and automaticity (Dietrich & Stoll, 2010; Jackson, 1995; Swann, Keegan, Crust, & Piggott, 2016) . Although the conceptualization of flow as a decoupling of action from conscious effort and controlled attention (Poldrack et al., 2005) dominates the sport psychology literature (Dietrich, 2006; Jackson, 1995) , recent psychophysiological (Peifer, Schulz, Schächinger, Baumann, & Antoni, 2014) and neuroimaging (Ulrich, Keller, & Grön, 2016) studies have suggested that this might be an oversimplification of the flow state. As such, the role of attention and effort in the flow experience requires further empirical examination. The current study seeks to initiate enquiry into the attentional processes underpinning the flow experience in a goal directed, competitive, movement task.
Flow is often described as distinct from other high performance states due to its perceived effortlessness (Bruya, 2010) . Although high levels of performance can be achieved with increased effort, during flow, performance is reported as automatic, accompanied by confidence and ease (Swann, Keegan, Piggott, & Crust, 2012) . Qualitative study has likened flow to a state of "letting it happen," as described by elite golfers, who reported a state of optimal performance without deliberative effort (Swann et al., 2016) . Dietrich and Stoll (2010, also Dietrich, 2006) suggested that sporting flow relies on a reduction in prefrontal activity, allowing automated action sequences to proceed uninterrupted. It has been proposed that hypoactivity of the prefrontal cortex leads to key components of the flow experience such as reduced self-awareness, increased fluency, and ease of performance, as higher order functions recede (Dietrich & Stoll, 2010) .
In contrast to this dominant explanation of flow, findings from outside of sport research have revealed that the flow state is accompanied by increased arousal and mental effort, as indexed by objective, physiological measures (e.g., Peifer et al., 2014) . For instance, de Man-zano, Theorell, Harmat, and Ullén (2010) measured heart rate variability (HRV; the variation in beat-to-beat intervals) while professional pianists played a series of musical pieces and rated their state flow. Reduced HRV has been linked to influence of the sympathetic nervous system and increased mental effort (Berntson et al., 1997) , and here it was found to be associated with flow (de Manzano et al., 2010) . De Manzano et al. (2010) therefore concluded that flow may be a positive state of arousal and high attention.
Additionally, although hypofrontality may be an appealing explanation, neuroimaging studies have suggested that flow may instead be characterized by an increase in executive activity, a function dependent on prefrontal activation (Goldman-Rakic, Cools, & Srivastava, 1996) . For example, Yoshida et al. (2014) and Harmat et al. (2015) both failed to find a general reduction in frontal activity in a flow-inducing task. Furthermore, higher order cognitive mechanisms have been implicated in flow, with functional magnetic resonance imaging (fMRI) demonstrating increased activity in areas linked to goal-directed behavior, selective attention, and the organization of multistep behaviors (Duncan, 2013; Ulrich et al., 2016) , functions traditionally associated with effort (Baluch & Itti, 2011; Sarter, Gehring, & Kozak, 2006) . These neurophysiological findings conflict with a view of flow as entirely automatic, involving the abdication of control and an absence of attentional processing (Dietrich, 2006) .
The characterization of flow as requiring higher order processes does align with athletes' descriptions of heightened task focus and immunity to distraction during flow (Jackson & Csikszentmihalyi, 1999) . This focus is highly suggestive of optimal attentional control, the ability to maintain top-down attention to only those stimuli that are relevant to current goals (dorsal network; Corbetta & Shulman, 2002) and resist the distracting influence of stimulusdriven attention (ventral network; Corbetta & Shulman, 2002) . Efficient top-down attentional control is associated with both the planning and control of visually guided actions in general (Land, 2009) and the performance of sport skills under competitive pressure (e.g., Moore, Vine, Cooke, Ring, & Wilson, 2012; Vine, Lee, Moore, & Wilson, 2013) . If this account of flow based on attentional control and higher order processing is valid, those in flow ought to show markers of increased effort (e.g., HRV) and efficient allocation of attention (e.g., gaze behavior) reflecting goal-directed control.
The current study seeks to address the question of how effortful attentional processes (Ulrich et al., 2016) and reduced HRV (de Manzano et al., 2010) can be reconciled with feelings of effortlessness, through the combination of two theoretical accounts of effort (see Figure 1) . First, general resource investment (physical or mental) can be predicted through motivational intensity theory (MIT; Richter, 2013; Wright, 1996) . Based on the idea that humans will avoid wasting energy, MIT forecasts investment of effort as proportional to task demands until chances of success become low, at which point resources will be withdrawn. MIT therefore predicts little effort in a simple task and a near maximal investment of effort when task demands and personal skills are both high but a sharp decline when demands become too great. This pattern should be evident in objective physiological markers of effort.
Second, the conflict-monitoring hypothesis (CMH; Botvinick, Braver, Barch, Carter, & Cohen, 2001 ) outlines how attentional effort is experienced, based on the monitoring of cognitive processes.
1 McGuire and Botvinick (2010) identified that effort arises primarily from unmet demand, which leads to the detection of conflict. This conflict drives the engagement of top-down attention, which is felt as effortful. It is therefore the modulation of top-down processing that is crucial for perceived effort, rather than the activity of top-down processes per se. This key distinction is illustrated by Naccache et al.'s (2005) examination of a patient with a lesion to the anterior cingulate cortex (a region of medial cortex responsible for conflict detection; van Veen & Carter, 2002) who was able to maintain executive control with no felt effort. In combination, MIT and the CMH provide distinct predictions for felt and objective effort, suggesting a dissociation over easy, matched-to-skills, and hard tasks (see Figure 1 ).
To summarize, the current study aimed to extend flow theory development and establish whether the extreme focus reported during flow is related to objective indices of effortful atten-tional processing. We adopted a design manipulating the challenge-skill balance (see Csikszentmihalyi's, 1990 , flow model) to examine effects on (a) attention, (b) effort, and (c) performance. First, we hypothesized that in a matched condition participants would experience the greatest flow (reported task absorption) and demonstrate a peak in objective indices of goaldirected and efficient visual attention. Second, we aimed to test the combined predictions of MIT and the CMH with regard mental effort. Specifically, we hypothesized that objective markers of effort will reflect investment of attention, again peaking during the matched condition. However, subjective reports were predicted to dissociate from psychophysiology, showing limited effort during easy and matched conditions but high effort in the hard task (see Figure 1) . Finally, we hypothesized that, contrary to association studies closely linking flow and performance, performance will be best in the easy condition and worst in the hard condition, with reported fluency of performance exhibiting the same pattern.
Method Participants
An a priori power analysis using G ‫ء‬ Power (Faul, Erdfelder, Lang, & Buchner, 2007) indicated that, based on a medium effect size (Cohen's f ϭ .25) for gaze measures found by Cheng (2014) , 36 participants were required to achieve a power of .9 in an F test, given ␣ ϭ .05. Thirty-six participants (10 female) who were undergraduate students at the University of Exeter (mean age ϭ 20.21 years, SD ϭ 1.50) volunteered to take part and signed informedconsent forms. University ethical approval was obtained prior to participant recruitment.
Apparatus
Participants were initially fitted with a Polar heart rate-monitoring strap, which records onto a Polar S810i watch (Kempele, Finland) . This data was later downloaded into Polar Precision Performance software (Version 4, Polar USA). Participants sat in a Playseat Alcantra racing chair fitted with a force-feedback Thrustmaster TX Ferrai 458 (Hillsboro, Oregon) racing wheel, accelerator, and brake pedals and played the racing game Forza 5 on the Xbox One (Microsoft), displayed through a Panasonic Viera 50-in. high-definition flat-screen TV. The screen was approximately 120 cm from the participants' eyes. Steering wheel height and distance to the pedals was adjusted for each participant's comfort.
Participants' eye movements were recorded using SMI ETG 2.0 eye-tracking glasses (SensoMotoric Instruments, Boston MA) that record onto a customized Samsung Galaxy smartphone. The glasses are lightweight (76 g) and Figure 1 . A schematic representation of predicted invested (objective) and felt (subjective) effort, based on predictions derived from motivational intensity theory (MIT) and the conflict-monitoring hypothesis (CMH), respectively. During an easy task, both felt and invested effort are likely to be low. During an optimally challenging task, there may be a high investment of resources but limited felt effort, because cognitive control is perfectly meeting demands. During a hard task, felt effort may be high, whereas invested effort may be low because resources are withdrawn if there is perceived to be little chance of success.
record binocular eye movements and the visual scene at 30 Hz to a spatial resolution of .5°.
Measures
Flow. State flow was measured using the Flow Short Scale (FSS; Rheinberg, Vollmeyer, & Engeser, 2003) , a questionnaire used frequently in gaming research (e.g., Engeser & Rheinberg, 2008) . This scale measures flow through 10 questions loading onto two factors: absorption in the activity and fluency of performance. Task absorption was used as the primary indicator of the experience of flow (Peifer et al., 2014) , whereas fluency was used to index perceived performance. Instructions ask participants "With regards to the activity you have just completed, to what extent do these statements describe your experience?" Statements such as "I feel just the right amount of challenge" and "I am totally absorbed in what I am doing" relate to absorption. Statements such as "My thoughts/ activities run fluidly and smoothly" and "I feel that I have everything under control" relate to fluency. Questions are rated on a 7-point Likert scale, with responses ranging from 1 (Very much) to 7 (Not at all), so that low scores indicate greater absorption or fluency. Given the conceptual differences, these subscales were treated independently and not aggregated.
An initial reliability analysis indicated Cronbach's alpha for scales absorption and fluency to be .66 and .92, respectively. Following a principal components analysis, using a direct oblimin rotation, we chose a slightly altered scale structure. One item did not load onto either factor sufficiently strongly (loadings Ͻ .4), and one exhibited similar loading for both. As a result, these two items were excluded. Because subsequent reliability analyses indicated Cronbach's alpha was improved for absorption (.75).
2 and maintained for fluency (.91), the modified factorial structure was retained.
Top-down attention: Gaze variability. Barrett, Tugade, and Engle (2004) suggested the best way to determine how attention is being controlled is to determine what goal-directed control would resemble in the given situation. The variability of gaze behavior has previously been used to indicate inefficiency of attention, with a high degree of variation indicating gaze is not efficiently allocated to the most relevant information (Janelle, 2002) . For example, in a simulated racing task Wilson and colleagues found that the standard deviation of horizontal eye movements increased (became more variable) when participants were anxious, leading to impaired driving performance (Wilson, Smith, Chattington, Ford, & Marple-Horvat, 2006 ). As such, gaze variability was used here as a measure of the focused, top-down attention predicted to occur during absorption and flow. Horizontal eye position data were captured during the second lap of each race and downloaded via BeGaze 3.5 software (SMI, 2010; Version 3.6.149) to an Excel spreadsheet, where a standard deviation was computed to assess efficiency of attention control (as in Wilson et al., 2006) .
Subjective mental effort. Subjective mental effort was indexed using the Rating Scale of Mental Effort (RSME; Zijlstra, 1993) . The RSME is a Unidimensional Visual Analogue Scale ranging from 0 to 150, with descriptors along the scale such as Absolutely no effort, Considerable effort, and Extreme effort. The RSME has been widely used in driving research (e.g., Wilson et al., 2006) and has been found to be reliable over repeated administrations in laboratory (r ϭ .88) and work (r ϭ .78; Zijlstra, 1993) settings. The scale has also been found to correlate with spectral changes in HRV (Zijlstra, 1993) .
Physiological mental effort. Objective mental effort was indexed through cardiac measures, principally heart rate variability (HRV), as in recent flow studies (Peifer et al., 2014; Tozman, Magdas, MacDougall, & Vollmeyer, 2015) . HRV is the variation in the interval between two successive heartbeats (Berntson et al., 1997) and can be assessed in low-frequency (LF; sometimes termed midfrequency; .04 -.15 Hz) and high-frequency (HF; .15-.4 Hz) bands, both of which have been used to index mental effort (DeRivecourt, Kuperus, Post, & Mulder, 2008) . The variation in beat-to-beat interval is a result of control by the cardiac sinoatrial node, which is innervated by sympathetic and parasympathetic branches of the autonomic nervous system. Variability in the HF band is predominantly influenced by the vagus nerve (parasympathetic), whereas the LF band reflects influence of both sympathetic and parasympathetic branches. A robust finding is that more complex, effortful cognitive tasks reduce HRV due to increased arousal and activation of the sympathetic nervous system, creating a more regular heartbeat (Cacioppo, Tassinary, & Berntson, 2007) .
Recording epochs were standardized based on the recommendations of the Task Force of the European Society of Cardiology and the North American Society of Pacing Electrophysiology (1996) . It is also recommended that for reliable recording, a time period should be used that allows at least 10 samples of the target rhythm, corresponding to 1 min for HF and 2 min for LF (Berntson et al., 1997) . Raw heart rate was recorded through the Polar heart rate strap and converted to interbeat intervals (IBIs) using Kubios HRV analysis software (Niskanen, Tarvainen, Ranta-Aho, & Karjalainen, 2004) . IBIs were converted into separate frequency domain power components; lowfrequency HRV (.04 -.15Hz) and high-frequency HRV (.14 -.4Hz), presented in ms 2 . Raw heart rate data were also recorded as a more general measure of arousal and engagement (Cacioppo et al., 2007) .
The raw HR interbeat-interval (IBI) data were filtered using the Polar Precision Performance SW analysis software algorithm (Version 4, Polar USA), set at moderate filtering level. The algorithm uses median and moving average based filtering methods to substitute detected errors and missing beats (.2% of total) with corrected values (set at moderate filtering power and six beats-per-minute protection zone). Recordings were also screened manually for erroneous data, which were removed as necessary (10% of total). The smoothed data were analyzed with Kubios HRV analysis software. The last 1 min 45 s was selected for analysis, 3 and a moderate artifact removal applied. The software provides information in both the time and frequency domains. Mean heart rate was recorded from the time domain, and HF and LF ms 2 power from the frequency domain.
Performance. Performance was measured by average speed (mph) taken from the second lap of each two-lap race. The second lap was used because it approximately corresponded to the HRV epoch, it allowed participants to become immersed in the race, and self-report measures were more likely to reflect the experience of the second lap due to a recency effect. The lap times were recorded from the eye-tracking video after the testing session and converted to average speed (lap distance/time taken).
Procedure
Participants attended testing on one occasion, for approximately 1 hr 40 min. Participants first read the information sheet and had the experiment explained verbally before signing the consent form. The Polar heart rate strap was then fitted, with electrodes wetted to reduce impedance. Participants sat in the racing chair, with the pedals adjusted for comfort, then put on the SMI eye tracking glasses, which were calibrated over three points, and the tracking was checked over a variety of markers across the screen.
Participants were required to complete 13 races, each two laps long. Instructions were given to "complete the race as quickly as you can, but try to avoid crashing." Following every race, participants were told their time and encouraged to beat it on the following trial. The training phase consisted of 10 races on the same track, chosen to be of moderate difficulty with smooth corners. Pilot testing suggested that participants would become proficient but that they would not reach a ceiling in performance after 10 laps. A training phase was necessary because a level of skill is suggested to be beneficial in finding flow (Csikszentmihalyi, 1990) . Following each of the 10 races, participants completed the FSS and RSME and were given the opportunity to take a break before the test phase. At this point, the heart rate strap electrodes were rewetted and the eye tracker was recalibrated.
The test phase involved racing on three different racetracks: one chosen to be very easy, one very difficult, and one matched to skills. This approach reflects Csikszentmihalyi's (1990) flow model and is identified by Moller, Meier, and Wall (2010) as the standard protocol in gaming studies. The easy track was based on a speedway where the course was a simple circle, providing little challenge. The hard track involved a lot of sharp corners and was challenging to navigate at speed. The matched track was a repeat of the practiced race from the training phase. The order of the easy and hard levels was randomized across participants, but the matched level was always done last to keep it distinct from the training phase. Having just completed 10 races, participants drove the novel tracks first to avoid being bored or tired of the matched track, which would be detrimental to flow. The car and racing settings were standardized across all races and participants. After each race, participants completed the FSS and RSME instruments.
Data Analysis
Paired t tests were used to test performance and flow from the first to the 10th race of the training phase to establish improvement. Oneway repeated measures multivariate analysis of variance (MANOVA) and analysis of variance (ANOVA) were used to assess differences in dependent variables across test-phase conditions. Where data were not normally distributed, transformations were applied, and a Greenhouse-Geisser correction was used when the assumption of sphericity was violated. Significant ANOVAs were followed by Bonferroni corrected paired t tests in all cases. The effect size partial omega squared ( 2 ) was calculated for F tests and Cohen's d for all t tests.
Results

Training Phase
To check for improved performance over the training phase, we conducted paired t tests, which revealed a significant increase in average speed (mph) 
Self-Reported Absorption (FSS)
An ANOVA was conducted to assess the effect of experimental condition (easy, matched, hard) on perceived absorption, revealing a significant main effect of condition, F(2, 70) ϭ 9.58, p Ͻ .001, 2 ϭ .192. Participants were most absorbed in the matched condition, with pairwise differences between matched (M ϭ 9.00 Ϯ 4.26) and easy (M ϭ 11.97 Ϯ 4.78; p Ͻ .001, d ϭ .671) and between matched and hard (M ϭ 11.50 Ϯ 4.93; p ϭ .002, d ϭ .579). There was no difference between easy and hard (p ϭ 1.00, d ϭ .100; see Figure 2 ).
Self-Reported Fluency (FSS)
An ANOVA was also conducted to assess the effect of condition on perceived fluency, revealing a significant main effect, F(2, 70) ϭ 63.54, p Ͻ .001, 2 ϭ .631. Fluency decreased from easy to matched to hard, with significant pairwise differences between easy (M ϭ 7.11 Ϯ 
Attention (Gaze) Control
To assess the effect of condition on top-down attention, we conducted an ANOVA on gaze variability data, which revealed a significant 4 As identified by an anonymous reviewer, it is worth noting that during the matched condition participants performed significantly better, t (31) Figure 3 ).
Self-Reported Mental Effort (RSME)
There were a small number of missing RSME scores (eight cases; .02% overall) due to participants' omitting to register a response. These were imputed using an expectation maximization algorithm because Little's missing completely at random test indicated these cases to be random, 2 (44) Figure 4A ).
Objective Mental Effort (Heart Rate/HRV)
To assess the general effect of condition on physiological effort, we ran a repeatedmeasures MANOVA on raw heart rate and lowfrequency and high-frequency variability data (all log-transformed). There was found to be a significant effect of condition (Wilks's ⌳ ϭ .49), F(6, 18) ϭ 3.10, p ϭ .02.
A follow-up ANOVA on low-frequency HRV revealed a significant effect of condition F(2, 48) ϭ 3.66, p ϭ .03, 2 ϭ .094. Lowfrequency variability indicated a U-shaped function, with the matched condition displaying the least variability, although there were no significant pairwise differences between easy (M ϭ 1,069.19 Ϯ 841.79) and hard (M ϭ 1,082.57 Ϯ 1113.37; p ϭ 1.00, d ϭ Ϫ.002), easy and matched (M ϭ 846.90 Ϯ 809.34; p ϭ .06, d ϭ .407), or hard and matched (p ϭ .15, d ϭ .412) conditions (see Figure 4B) .
High-frequency variability also demonstrated a significant effect of condition, F(2, 48) ϭ 14.20, p Ͻ .001, ε ϭ .76, 2 ϭ .339, showing a Figure 4B ). Raw heart rate also indicated a U-shaped relationship, this time inverted, because an ANOVA showed a significant effect of time, F(2, 46) ϭ 14.09, p Ͻ .001, ε ϭ .64, 2 ϭ .347, with pairwise differences between easy (M ϭ 73.06 Ϯ 16.36) and matched (M ϭ 80.81 Ϯ 12.06; p ϭ .002, d ϭ .755) and between hard (M ϭ 74.98 Ϯ 10.07) and matched (p ϭ .002, d ϭ .770). There was no difference in HR between the easy and hard levels (p ϭ 1.00, d ϭ Ϫ.052; see Figure 4B ).
Performance
The manipulation of race difficulty was checked with an ANOVA of average speed, which showed a significant effect of condition, 
Discussion
This study aimed to test theoretically driven hypotheses related to the issue of attentional effort during flow through direct measurement techniques in a simulated sporting task. Specifically, we explored how combined predictions of MIT (Wright, 1996) and the CMH (Botvinick et al., 2001 ) may explain a dissociation in felt and objective attentional effort. Although descriptions of flow allude to the role of attention, this study provides the first attempt to take objective measurements of generalized mental effort alongside task-specific attentional control. Our aim was to challenge the dominant view that flow in sport is fully explained without recourse to effortful attention control (Di- Mean heart rate variability (left-hand scale) and heart rate (right-hand scale) across experimental conditions. Easy, matched, and hard denote the skill level of the car-racing task. Error bars indicate standard error of the mean. HF ϭ high-frequency band; LF ϭ low-frequency band; HR ϭ heart rate; bpm ϭ beats per minute. Stoll, 2010; Jackson, 1995; Swann et al., 2016) . Results suggested that the driving task induced flow, with the experimental manipulation successfully creating significant differences in absorption between conditions (see Figure 2) . The mean FSS item scores in the matched condition (2.1) are identical to the peak scores obtained by Engeser and Rheinberg (2008) in a gaming task, supporting the induction of flow. As hypothesized, there were differences in the way that participants responded to both subscales. Participants scored highly on the fluency scale during the easy and matched but not the hard condition, which reflected the pattern of performance. Fluency indicates smoothness of performance and hence cannot distinguish between an easy task and a task in which flow is achieved. However, absorption, which is more representative of the immersive experience of flow (Peifer et al., 2014) , revealed an inverted-U relationship, with highest scores during the matched level. Although it may not be possible to suggest that all participants in the matched condition experienced flow, the absorption scores suggest that the matched condition created the greatest flow experience.
Our first hypothesis reflected our postulation that flow, as a state of focused attention, would be characterized by more efficient visual attentional control, indexed by lower variability of gaze. We found that the standard deviation of horizontal gaze position was significantly lower in the matched condition compared to the hard condition (see Figure 3) . The U-shaped trend was as hypothesized, although the difference in gaze variability between easy and matched conditions was nonsignificant, with a small effect size. The gaze pattern followed a trend similar to that in the reports of absorption, suggesting that self-reported focus during the matched condition was also manifested in more focused gaze. Because the expected pattern was observed but some differences were small, we partially supported our first hypothesis that a matched challenge-skill condition leads to absorption and efficient goal-directed attention.
Our second hypothesis was related to the integrated predictions of MIT and the CMH (see Figure 1 ). Based on MIT (Wright, 1996) , objective mental effort was predicted to peak during the matched condition because resource mobilization is proportional to task difficulty, until perceived chances of success become low, whereupon resources are withdrawn. Participants' HRV data revealed this predicted Ushaped trend, although pairwise differences were significant in only the high-frequency data, with significantly lower variability in the matched condition reflecting an increased engagement of attentional effort (see Figure 4B) . Although previous research has found increased variability to correlate with flow within a condition (Peifer et al., 2014) , research by Keller, Bless, Blomann, and Kleinböhl (2011) and Tozman et al. (2015) utilizing manipulations similar to those in the present study found a reduction in HRV in matched-to-skills conditions. The observed pattern parallels peak ratings of absorption, peak heart rate, and reduced gaze variability in the matched condition, suggesting that the experience of flowlike absorption is based on an efficient, but effortful, engagement of attention.
Based on the CMH (Botvinick et al., 2001 ), little felt effort was predicted during the easy and matched conditions, because no change in cognitive control was necessary, but high reported effort was expected in the hard condition. Because a linear pattern was found in RSME scores (see Figure 4A ), this prediction is largely supported; the matched condition produced felt effort at a midpoint between that of the easy and hard conditions. This finding does support the dissociation between felt and physiological effort illustrated in Figure 1 , because even though the matched condition created the most physiological effort, it was not experienced as the most effortful. Overall findings closely paralleled the model; hence, combined predictions of the CMH and MIT may make a useful contribution to the understanding of flow.
Our final hypothesis was also supported, with the expected decrease in performance and reported fluency as task demands increased. Whereas correlational research has traditionally equated flow with performance (Jackson, Thomas, Marsh, & Smethurst, 2001) , the experimental approach used here suggests flow is dependent on optimal challenge and task absorption more than performance. If flow were merely a "glow effect" of performing well, highest scores would have been seen in the easy condition. Overall, the results of this study reveal some promising findings that help to disentangle the felt experience of flow from the likely attentional mechanisms. The fluency measure seems to reflect the ease of the task, as revealed by similar profiles for performance, fluency, and self-reported effort (though inverted). As such, fluency is related to the feeling of automaticity that Dietrich's (2006) transient hypofrontality theory predicts. However, absorption reflects immersion in the task, focused and goal-directed attention that is resistant to distractibility, through mechanisms related to effort that are unavailable to introspection. The interesting dichotomy here is that flow appears to reflect a state that is both effortful and efficient, allowing automated sequences to take care of themselves, so that more attention can be paid to essential aspects of the activity (Csikszentmihalyi & Nakamura, 2010).
The results from this novel study highlight the efficacy of applying experimental methods to sport research when seeking to investigate causal mechanisms underpinning the flowperformance relationship. However, applied psychologists seeking to explore methods for increasing the likelihood that a performer might experience flow during competition should draw conclusions with caution. First, the driving task chosen provides both strengths and weaknesses in this study. Although the task was a simulation, it provided many aspects of a sporting performance, requiring concentration, accurate perception, and coordination of motor responses Although a key element of sport, physical exertion is absent; this was a conscious decision, given the need to isolate changes in physiological indicators of mental effort without contamination from bodily movement. However, future research may wish to examine more active tasks within a similar paradigm.
Second, the order of experimental conditions, where the matched level was done last, also provided the potential for fatigue or boredom to influence the findings. This decision was made so that the matched condition race was distinct from the preceding training phase (using the same track), and the FSS results suggest that boredom was not a factor. However, future studies could use full randomization to avoid any potentially confounding order effects. Third, although used widely to index mental effort, HRV is an indirect measure that also responds to more general stress and arousal processes (Berntson et al., 1997) . Future research should therefore include subjective measures of stress and anxiety, especially because these are also predicted to influence mental effort (Wilson, 2008) .
Conclusion
Although flow presents challenges for experimental research (Moller et al., 2010) , these results suggest that during a matched-to-skills task, participants were more absorbed, invested more attentional effort, and directed their gaze more efficiently. In addition, our findings largely supported the divergent predictions of MIT and the CMH for subjective and objective effort during an optimally challenging task. In contrast to traditional views, a state of flow may require effortful attention control even if it feels effortless. From an applied perspective, traditional effortful focusing strategies may therefore be beneficial for initiating flow across training and competitive settings.
